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(54) Hollow glass microspheres and method for producing the same 



(57) A hollow glass microsphere having an average 
particle size of at most 1 5 jim based on volume, a max- 
imum particle size of at most 30 nm and an average par- 



ticle density of from 0.1 to 1 .5 g/cm 3 , which has a glass 
composition consisting essentially of the following corn- 
pone nts by mass%: 



Si0 2 


50.0-90.0%, 


AI2O3 


10.0-50.0%. 


B 2 O s 


0-12.0%, 


Na^O+^O+LijP 


0-1.0%. 


CaO 


0-10.0%, 


MgO 


0-10.0%, 


BaOSrO 


0-30.0%. 
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Description 

[0001) The present invention relates to a hollow alu- 
minosilicaie glass microsphere comp rising a glass com- 
position containing no or substantially no alkali metal 
and having substantially no eluted amount of boron, and 
a method for producing the same. 
[0002] A hollow glass microsp he re is generally called 
as a glass microbaloon (hollow body), and has low spe- 
cific gravity, satisfactory heat resistance, heat insulating 
properties, pressure resistance and impact resistance, 
and achieves physical property-improving effects in re- 
spect of size stabDity and moldability, as compared with 
conventionalfillers. Therefore, this is used for lightening 
uses such as molding parts including a molding com- 
pound for electric household appliances, portable elec- 
tronic devices and automobiles, a putty, a sealing ma- 
terial, a buoyancy material for ships, a synthetic wood, 
a reinforcing cement outer wall material, a light weight 
outer wall material, an artificial marble, and the like. Al- 
so, due to the structure of hollow particles, hollow glass 
microspheres have an effect of providing a low dielectric 
constant, and is a material expected to be used in the 
field of a multilayer print substrate, an electric wire coat- 
ing material or the tike, which requires a low dielectric 
constant 

mn 03J As mentioned above hollow glass micro- 
spheres have various uses, but recently it is strongly de- 
manded to provide more satisfactory hollow glass mi- 
crospheres. 

[0004] various proposals have been made for hollow 
glass microspheres and their production methods. 
[0005] For example. JP-A-58- 156551 discloses a 
method which comprises melting starting materials of 
S© 2 . H 3 B0 3 , CaCQ 3 , Na 2 C0 3 , NH^O,, Na^SC^ 
and the like at a high temperature of at least 1 f 000 o C to 
form a glass containing a large amount of a sulfur com- 
ponent, dry -pulverizing the glass, dispersing and stay- 
ing a classified glass fine powder in flame to foam the 
glass powder by using the sulfur component as a foam- 
ing agent, thereby forming hollow glass microspheres 
of borosilicale type glass. The hollow glass spheres ob- 
tained by this method have a particle density of at most 
0.50 g/cm 3 as physical properties, but are large spheres 
having an average particle size of about 50 ^m. 
[0006] AIsd, JP-B-4-37017 discloses a process for 
obtaining hollow glass microspheres by calcination in a 
furnace a fine powder having glass-forming compo- 
nents and a foaming agent component supported by sil- 
ica gel. The hollow glass microspheres obtained by this 
process have physical properties including a particle 
density of about 0.3 g/cm 3 , and their average particle 
size is about 70 ^m. 

[0007] However, the hollow glass microspheres ob- 
tained by such processes have a sufficient hollow de- 
gree to provide a lightening effect, a heat-insulating ef- 
fect or the like, but their average particle size is at least 
about 50 jim, and they contain particles having a max- 



imum particle size exceeding 100 jim. Therefore, they 
can not be used for use ol requiring a smooth surface, 
use of requiring a low dielectric constant, and use of re- 
quiring a composite material having a restricted thick- 
s ness. 

[0008] Generally, when a particle size distribution be- 
comes wide, a particle density of each particle tends to 
cause a density distribution, and since large particles 
having a relatively low particle density have a low parti- 

fO de strength, they are easily broken by an excessive 
stressappliedduringaprocessingstep including knead- 
ing. Therefore, for example, when used as a filler lor a 
thermoplastic resin, satisfactory aimed effects including 
a lightening effect, a heat-shielding effect and a low di- 

15 electric constant-providing effect can not be obtained. 
[0009] In order to solve these problems, the present 
inventors previously developed hollow aluminosilicate 
glass microspheres having a small particle size, a low 
density, a high sphericity, a high strength and a high heat 

20 resistance. These microspheres provide aimed satis- 
factory performances, but as a result of studying and 
developing uses, it has been discovered that bonding 
with res in is not satisfactory in some u ses when they are 
blended with resin. Also, in some fields of electronic ma- 

25 terials, and it is therefore demandsd to provide hollow 
glass microspheres, an eluted amount of boron of which 
|c very small. 

[0010] As a result of further study for solving such a 
problem, the present inventors have discovered that 
30 glass components of hollow glass microspheres gener- 
ally include an alkali metal oxide such as NagO, KgO or 
U 2 0 as a reticulation-modifying component of glass, 
that when an amount of the alkali component becomes 
larger, chemical resistance is reduced, and cons equent- 
35 ly that a part of the alkali component is eluted to reduce 
adhesiveness with matrix resin and to deteriorate elec- 
trical resistance properties. In order to solve these prob- 
lems, the present inventors have proposed to form a 
protective film on the surface of glass microspheres to 
40 prevent the alkali component from eluting. 

(001 1] An object of the present invention is to provide 
hollow glass microspheres achieving a satisfactory 
lightening effect, a heat-insulating effect and a low die- 
lectric constant-providing effect depending on their us- 
45 es, which satisfy requirements of solving the above 
problems, providing a small particle size, a low density 
and an excellent chemical resistance, providing no sub- 
stantial eluted amount of boron and providing a satis- 
factory adhesiveness with resin and which can be quite 
50 suitably used for uses of requiring a smooth su rface and 
a low dielectric constant and also for uses of requiring 
a composite material having a restricted thickness, and 
another object of the present invention is to provide a 
process for efficiently producing such hollow glass mi- 
ss crospheres. 

|0012] Thus, the present invention provides hollow 
glass microspheres having an average particle size of 
at most 15 urn based on volume, a maximum particle 
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size of at most 30 jim and an average particle density 
of from 0.1 to 1 .5 g/cm 3 , which have a glass composition 
consisting essentially of the following glass components 
by mass%: 



sd 2 


50.0-90.0%, 


Al 2 0 3 


10.0-50.0%. 


B 2 0 3 


0-12.0%, 


NaaO+Kp+LiaO 


0-1.0%, 


CaO 


0-10.0%, 


MgO 


0-10.0%, 


BaO+SrO 


0-30.0%. 



[0013] Also, the present invention provides hollow 
glass microspheres, wherein a boron concentration in 
the glass composition is at least 3 mass% as B 2 0 3 and 
an eluted amount of boron measured by the following 
method is at most 300 ppm of a sample mass amount: 
[0014J Method for measuring an eluted amount of bo- 
ron: 200 cm 3 of ethanol and 200 cm 3 of distilled water 
are added to 12.5 g of a sample, and the resultant mix- 
ture was stirred at 80 9 C for 1 hour, and a solid content 
is filtrated, and a boron amount dissolved in the filtrate 
is determined, and an eluted amount is expressed by a 
proportion to a sample mass amount. 

rnrxei TU„- U««H^«»* *-l*ee «ii^p«cnHarac r\f the, 
|wv ivj • i »«»*-> s^i — ^ — f •»* *'"- 

present invention are particles having a small particle 
size and a low density. 

[001$] The particle size is at most 1 5 ^m as an aver- 
age particle size based on volume and at most 30 um 
as a maximum particle size. 

[0017] If the average particle size exceeds 1 5 urn or 
the maximum particle size exceeds 30 urn, a smooth 
surface can not be obtained and degradation of outer 
appearance and deterioration of various properties are 
unpreferably caused due to the presence of concavo- 
convex parts when they are used as SMC for an outer 
plate of an automobile, a filler for a paint or the like. Also, 
when they are used as an insulating layer material for a 
multilayer substrate, a filler for a resist material or the 
like, they are not fixed within a predetermined layer 
thickness and they tend to cause various inconvenienc- 
es including a short circuit in aconductive part or the like. 
[0018] Also, a preferable average particle size is at 
most 10 jim, and a preferable maximum particle size is 
at most 20 jim. In the present invention, an average par- 
ticle size based on volume and a maximum particle size 
can be measured by a laser scattering type particle size 
measuring apparatus. 

[0019] Next, a particle density is Irom 0.1 to 1.5 g/cm 3 
as an average particle density. If the particle density is 
within the range of from 0.1 to 1 .5 g/cm 3 , a satisfactory 
hollow degree for achieving a low dielectric constant ef- 
fect, a lightening effect and a heat insulating effect can 
be provided, and the hollow glass microspheres can be 
quite suitably useful for use of requiring a smooth sur- 
face and use of requiring a composite material having 



a restricted thickness. Further, a preferable average 
particle density is Irom 0.1 to 1 .0 g/cm 3 . In the present 
invention, the average particle density can be measured 
by a dry system automatic densimeter. 

5 10020] The hollow glass microspheres of the present 
invention have a satisfactory particle strength, and for 
example, holbw glass microspheres having a particle 
density of 0.60 g/cm 3 have a fracture strength of at least 
50 MPa at the time when 10% volume is reduced based 

to on volume under hydrostatic pressure. For instance, the 
hollow glass microspheres have such a sufficient 
strength as not to be fractured at the time of preparing 
a compound or during injection molding when they are 
used as a filler for a thermoplastic resin. 

15 [Q021] Also, the hollow microspheres of the present 
invention comprise a substantially spherical single 
foamed sphere, and according to visual observation by 
a scanning type electron microscope photograph, the 
hollow microspheres obtained have a smooth surface 

20 and substantially no fractured hollow microspheres are 
recognized. 

[0022] The hollow glass rnicrosp he res of the present 
invention consist essentially of an aluminosilicate glass 
of a glass composition (by mass%) consisting essential- 

25 |y of 50.0-90.0% of Si0 2 , 10.0-50.0% of AfeO,, 0-12.0% 
of B 2 0 3 , 0-1 .0% of Na2OK 2 <>Li 2 0, 0-10.0% of CaO, 
0-1 0.0% ef MgO, and 0-30.0% of BaO+SrO 
J0023] The reasons for restricting the respective com- 
ponents are described below. If Si0 2 is less than 50.0%, 

30 the chemical durability of glass tends to be poor, and on 
the other hand, if it exceeds 90. 0%, the viscosity of glass 
tends to be high, and high calorie will be unfavorably 
required at the time of foaming. If Af 2 0 3 is Ibss than 
10.0%, the chemical durability of glass tends to be un- 

35 favorably poor, and on the other hand, if rt exceeds 
50.0%, the melting property tends to be unfavorably 
poor. A preferable range of AfeOa is from 10 to 25% and 
a preferable range of Si0 2 is from 50 to 75%. 
10024] if B 2 0 3 exceeds 1 2.0%, the chemical durability 

AO of glass tends to be unfavorably lowered. Thus, a pref- 
erable range of B 2 0 3 is from 0 to 10.0%. If CaO exceeds 
10.0%, devitrification of glass is unfavorably caused. A 
preferable range of CaO is from 2.0 to 8.6%. If MgO ex- 
ceeds 10.0%, devitrification of glass is unfavorably 

45 caused. A preferable range of MgO is from 2.0 to a.0%. 
Further, BaO and SrO have the same function as CaO 
and MgO, and if BaO+SrO exceeds 30.0%, devitrifica- 
tion of glass is caused. A preferable range of BaO+SrO 
is from 5.0 to 25.0%. 

so [0025] The amount of an alkali metal oxide is neces- 
sary to be from 0 to 1.0% as a total amount of 
Na^+^O+Lip, and. their preferable range is from 0 
to 0.5%. Even if the total amount of Na 2 0+K 2 Oi-Li 2 O is 
such a small amount as a few percent, elution of alkali 

55 is caused, and it lowers electric insulating properties and 
causes various inconveniences such as lowering ol ad- 
hesiveness with matrix resindepending on a resin used. 
Therefore, it is necessary to restrict the total amount of 
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Na 2 OK 2 0+Li 2 0 to at most 1 .0%. Thus, by restricting 
the total amount of l^OKfcOH^O to such a smalt 
amount, the hollow glass microspheres can be used 
without any surface treatment as they are. 
(0026] I n addition to the above components, amounts 
of other components such as P2O5, Fe 2 0 3 , Ti0 2 and the 
like are preferably restricted to an amount as small as 
possible in viow of maintaining satisfactory heat resist- 
ance and strength although the amounts of these com- 
ponents are not particularly limited. Usually, the 
amounts of these components are preferably at most 
2.0%. 

[0027] In present invention, various methods can be 
employed as a method forobtaining hollow glass micro- 
spheres containing a Bp 3 component in an amount of 
at least 3% but an eluted amount of boron being restrict- 
ed to a very small amount of at most 300 ppm, depend- 
ing on the content ol the B 2 0 3 component and an aimed 
elution amount of boron. 

[0028] For example, h is possible to improve the meth- 
od for producing hollow glass microspheres itself, or the 
hollow glass microspheres obtained may be subjected 
to a post treatment (e.g. solid-liquid separation, classi- 
fication treatment, washing treatment, special de-boron 
treatment or a combination thereof). 
[0029] The hollow glass microspheres of the present 
invention are useful for the following uses. That Is, when 
they are used as a filler for a resist material, a layer in- 
sulation material of a multilayer print substrate or the 
like, they provide excellent high frequency properties 
due to effects achieved by lowering a dielectric constant 
and lowering a dielectric diss ipatfon factor, and also pro- 
vide a high electric insulating property. Also, they can 
be widely used for use of restricting a thickness of a 
composite material. Particularly, since they cause no 
problems in bonding with resin, they provide a molded 
product of resin having a very smooth surface and a sat- 
isfactory adhesiveness when used as a filler for resin, 
and since they have a sufficient particle strength and 
are hardly fractured during processing, a desired light- 
ening effect and/or a heat-shielding effect can be 
achieved. 

[O030J Also, the hollow glass microspheres of the 
present invention are not limited for the above-men- 
tioned uses, but can be quite suitably used in various 
fields and uses such as a lightening filler for cement, 
mortal, synthetic wood, a low melting metal including 
aluminum or magnesium or their alloys and paints, a 
heat-shielding and lightening filler for a building material 
and a latex, a filler for sensitizing an explosive com- 
pound, an electric insulating layer filler, a sound-proof- 
ing filler, a cosmetics filler, a filtrating material, a blast 
media, a spacer, and the like. Also, if they are used in a 
mixture with hollow glass spheres having a larger parti- 
cle size of at least 20 pm, the hollow glass microspheres 
of the present invention can be filled in gaps between 
larger particles and can achieve more satisfactory ef- 
fects of lowering a dielectric constant, lightening and 



heat-shielding. 

[0031] Also, examples of resins to which the hollow 
glass microspheres of the present invention are added 
as a filler, include epoxy resin, phenol resin, furan resin, 

5 unsaturated polyester resin, xylene resin, alkyd resin, 
melamine resin, polyethylene resin, polypropylene res- 
in, polyvinyl chloride resin, potyvinytidene chloride resin, 
polyvinyl acetate resin, polyimide resin, polyamide res- 
in, polyamideimide resin, polycarbonate resin, metrv 

10 acrylic resin, ABS resin, fluorine resin, and the like. 
[0032] Hereinafter, a process for producing the holtow 
glass microspheres of the present invention is de- 
scribed In the present invention, glass starting materi- 
als are formed into glass by heating, and various starting 

* materials can be used for forming a desired glass com- 
position and glass starting materials contain a foaming 
component. The foaming component generates gas 
when the glass starting materials are formed into glass 
spheres by heating , and has afu nction of forming a melt- 

20 ed glass into a hollow glass sphere. 

[0033] A foaming component preferably contains at 
least one material of generating water vapor, carbonic 
acid gas, sulfur oxide gas or nitrogen oxide gas by heat- 
ing. 

25 [0034] These starting materials are formed into hollow 
glass microspheres by blending the starting materials 
sr> as to proviria a predetermined composition, wet-pul- 
verizingthe starting materials in a combustible liquid 
such as alcohol, kerosine, gas oil, heavy oil or the like 

30 to prepare a slurry containing starting material powders 
having an average particle size of at most 3.0 nm, par- 
ticularly at most 2.0 >im, forming the slurry into fine liquid 
droplets containing the starting materials by spraying 
method or the like, and heating the droplets to produce 

35 hollow glass microspheres. 

[0035] The process for producing the hollow gkss mi- 
crospheres of the present invention is further described 
in more details hereinafter. Examples of the glass start- 
ing materials include various oxides and salts obtained 

40 by synthesizing, natural zeolite, natural volcanic glass 
materials, and the like. Examples of the foaming com- 
ponent which generates water vapor include natural vol- 
canic glass materials such as fluorite, perlite. obsidian 
or volcanic ash, boric acid, synthetic or natural zeolite, 

45 silica gel, and the like, which have an ignition loss. 
[0036] Examples of an inorganic material generating 
carbonic acid gas. sulfur oxide gas or nitrogen oxide gas 
include sulfate, carbonate or nitrate of an alkaline earth 
metal such as CaS0 4 . CaC0 3 . Ca(N0 3 ) 2 , MgS0 4 , 

so MgC0 3 . Mg(N0 3 ) 2 . BaS0 4 , BaC0 3 , Ba(N0 3 )j>, SrS0 4 , 
SrC0 3 ,Sr(N0 3 ) 2 . or the like, carbide or nitride of silicon, 
carbide or nitride of aluminum, and the like. Funher, a 
substance having a hydrate such as bonding water, 
which generates steam when heated, can also be used. 

55 |Q037] These foaming components generating gas by 
heating are selected depending on properties and func- 
tions of aimed hollow glass microspheres. For example, 
whBn they aro used for electronic parts such as an in- 



4 



7 



EP1 160 212 A1 



8 



sulating layer material between layers of a multilayer 
substrate, a filler for a resist material or the like, it is pref- 
erable to use a material generating water vapor and/or 
carbonic acid gas, which are less corrosive and provide 
lass influence on corrosion even if the hollow glass mi- 
crospheres are broken and internal gas enclosed there- 
in is released. 

[0038J For the wet pulverization of the material, as the 
liquid to be used for the wet pulverization, a combustible 
liquid is preferred for the subsequent spraying and heat- 
ing. Among them, it is preferred to use the same material 
as the liquid for the slurry, since the operation step can 
be simplified. The combustible liquid may. for example, 
be an alcohol such as methanol, ethanol or isopropyl 
alcohol, an ether, kerosine, light oil or heavy oil. This 
liquid may be a mixture of these combustible liquids, or 
may contain other liquid such as water. 
[0039] Further, for the dispersion of the slurry or sta- 
bilization of the dispersion, a dispersing agent or a dis- 
persion stabilizer may be added. The dispersing agent 
may, lor example, be a non ionic surfactant, a cationic 
surfactant, an anionic surfactant or a polymer type sur- 
factant. Among them, a polymer anionic surfactant is 
preferred. For example, an acid- containing oligomer 
which is a copolymer of acrylic acid and an aery late and 
which has a large acid value such that the acid value is 

. I l.i< C »_ ■* /V-W I//-ILJ/.-. l~ -~l~rr*A Ci.-K 

<ll d ItJVOI \Ji II Win -J iu i w UiyHvi wy, r#,o»«»i i vw. 

a polymer anionic surfactant is advantageous in that it 
not only contributes to the dispersion of the slurry and 
the stabilization of the dispersed state, but also is effec- 
tive to control the viscosity of the slurry to be low. 
[0040] With respect to the concentration of the formu- 
lated powder material in the liquid in the wet pulveriza- 
tion step, it is preferred to adjust the amount of the liquid 
so that it becomes the same as the concentration of the 
glass formulation material in the slurry which ts required 
for spraying, whereby the operation can be simplified. 
10041] The wet pulverizer to be used is preferably a 
medium-stirring mill represented by a beads mill from 
the viewpoint of the pulverization speed or the final par- 
ticle size. However, it may be a wet pulverizer such as 
a ball mill, a grind mill, an ultrasonic pulverizer or a high 
pressure fluid static mixer. Contamination from the ma- 
terial of the pu Iverizer may lower the yield or the strength 
of the hollow glass microspheres depending upon its 
composition and amount of inclusion. Accordingly, the 
material of the portion in contact with the liquid, is pref- 
erably selected from alumina, zirconia or an alumina/ 
zirconia composite ceramic. Otherwise, it may be a ma- 
terial having a composition similar to the raw material. 
[0042] The average particle size (based on volume) 
ol the glass formulation material after the wet pulveriza- 
tion is preferably at most 3.0 urn, and if the average par- 
ticle size exceeds 3.0 pm, it tends to be difficult to obtain 
hollow glass microspheres having a uniform composi- 
tion especially when a plurality of materials are mixed 
or a recycled material removed by classification or flo- 
tation is formulated. The average particla size of the 



glass formulation material after the wet pulverization is 
more preferably within a range of from 0.01 to 2.0 pm. 
[0043] I n a case where particles having large particle 
sizes are contained in the wet-pulverized glass formu- 

5 lation material, the material may be classified in a wet 
state to select the material having a predetermined par- 
ticle size for use. Even when pulverized to an average 
particle size of lass than 0.01 pm, there will be no prob- 
lem in the subsequent operation, if the concentration 

to and the viscosity of the slurry are adjusted. However, 
such is not preferred for a mass production on an Indus- 
trial scale, since the installation or the power consump- 
tion for the pulverization will be excessive. 
[0044] In a case where the glass formulated material 

'5 thus obtained does not have a predetermined concen- 
tration as a slurry, a liquid corresponding to the deficient 
amount, is added so that the glass formulation material 
will have the predetermined concentration. If the con- 
centration of the lormulated material in the slurry is too 

so low, the productivity decreases, and if it is too high, the 
viscosity of the slurry increases, whereby the handling 
tends to be difficult, and agglomeration is likely to result, 
whereby hollow glass microspheres tend to have a large 
particle size. The concentration of the glass formulation 

25 material in the slurry is preferably from 5 to 50 mass%. 
particularly preferably from 10 to 40 mass%. 
[0045] Then, this slurry is formed Into duplets. The 
droplets contain the glass formulation material. As a 
method for forming such droplets, a method for forming 

so droplets by spraying under pressure, a method lorform- 
ing droplets by ultrasonic waves, a method for forming 
droplets by a centrifugal force, or a method for forming 
droplets by static electricity, may, for example, be men- 
tioned. However, from the viewpoint of the productivity, 

55 it is preferred to employ a method for forming droplets 
by spraying under pressure. The following two methods 
may be exemplified as the method for forming droplets 
by spraying underpressure. 

[0046] The first method forf orming droplets is a meth- 
40 od of using a binary fluid nozzle to form droplets under 
a gas pressure of from 0.1 to 2 MPa. Here, if the gas 
pressure is less than 0.1 MPa, the action to form fine 
droplets by blast gas tends to be too low. whereby the 
particle size ol the resulting hoi tow glass microspheres 
45 tends to be too large, and it tends to be difficult to obtain 
microspheres having the desired particle size. On the 
other hand, if the gas pressure exceeds 2 MPa. tho com- 
bustion tends to be instable, and flame off is likely to 
result, or the installation or the required powerforpres- 
50 surizing tends to be excessive, such being undesirable 
for industrial operation. 

[0047] As such a gas, any one of air, nitrogen, oxygen 
and carbon dioxide may suitably be used. However, with 
a view to obtaining hollow glass microspheres excellent 
55 in the surface smoothness or from tho viewpoint of the 
control of the combustion temperature, the oxygen con- 
centration is preferably at most 30 vol%, whereby the 
combustion before completion of forming the slurry into 
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droplets in the spray granulation process, is sup- 
pressed, and after the formation of droplets is completed 
and the predetermined droplets are formed , the droplets 
will be burned By such a control, the particle size dis- 
tribution of droplets will be fine and sharp, and conse- 
quently, the particle size distribution of microspheres will 
be fine and sharp, whereby light weight hollow micro- 
spheres can be obtained in good yield. 
(0048) The second method for forming droplets is a 
method of spraying the slurry by exerting a pressure of 
from 1 to 8 MPa to the slurry, to form droplets. If this 
pressure is less than 1 MPa, the particle size of the hol- 
low glass microspheres tends to be too large, whereby 
it tends to be difficult to obtain microspheres having the 
desired particle size. On the other hand, if this pressure 
exceeds 8 MPa, the combustion tends to be instable, 
and flame off h likely to result, or the installation or the 
required power for pressurizing tends to be excessive, 
such being undesirable for industrial operation. 
[0O49J The formed droplets contain the glass formu- 
lation material having the desired composition. If the 
size of such droplets is too large, the combustion tends 
to beJnstable, or large particles are likely to form, or the 
particles are likely to burst during the heating or com- 
bustion to form an excessively fine powder, such being 
undesirable. If the granulated product made of the pul- 
verized powder mstsrtzJ is excessively small, the result- 
ing glass composition tends to be hardly uniform, where- 
by the yield of holJow glass microspheres tends to be 
low, such being undesirable. A preferred size of droplets 
is within a range of from 0. 1 to 70 jim. 
[OQ50] When such droplets are heated, the glass for- 
mulation material is melted and vitrified, and further, the 
foaming component in the glass will be gasified to form 
hollow glass microspheres. As the heating means, an 
optional one such as combustion heating, electric heat- 
ing or induction heating, may be used. The heating tem- 
perature depends on the temperature for vitrification of 
the glass formulation material. Specifically, it is within a 
rangB of from 300 to I.SOO'C. In the present invention, 
as the most suitable means, since the liquid component 
of the slurry is combustible liquid, the melting and foam- 
ing of the glass are carried out by the heat generation 
by the combustion of such a liquid. 
[D051J The hollow glass microspheres thus formed, 
are recovered by a known method such as a method 
using a cyclone, a bag filter, a scru bber or a packed tow- 
er. Then, incase a non-foamed product in the recovered 
powder is removed, only the foamed product is recov- 
ered by a flotation separation method by means of wa- 
ter. In a case of selecting a foamed product having a low 
density, it is effective to employ a flotation method by 
means of e.g. an alcohol having a low specific gravity. 
[Q052] Since salts which are not involved in hollow 
glass microspheres have a possibility to lower chemical 
durability, a water slurry of recovered powder and/or a 
slurry recovered by a flotation separation method are 
subjected to centrifugal filtration . filtration under re- 



duced pressure or filtration under pressure to carry out 
solid-liquid separation, and the salts are removed by 
washing carried out by continuously supplying a wash- 
ing water to a filter cake. 

5 [0053] Further, a method for removing residual salts 
and impurities which comprises diluting a filtration cake 
with water to prepare a slurry again, fully stirring the slur- 
ry and repeating a filtration procedure one or several 
times, is also preferable. Water used for washing is not 

>0 specially limited, but tap water, ion exchanged water or 
desalted water is usable in view of washing efficiency. 
Also, it is preferable to heat water used to a high tem- 
perature. 

[0054] In these procedures of solid-liquid separation, 

is removal of salts and removal of impurities, it is effective 
to repeatedly carry out thsse procedures and a washing 
procedure in order to obtain hollow glass microspheres 
having substantially no eluted amount of boron. 
[0055] Also, in order to make the hollow glass micra- 

20 spheres suitable for use of requiring a smooth surface 
or use of requiring a composite material having a re- 
stricted thickness, it is necessary to make a maximum 
particle size of the hollow glass microspheres less than 
30 urn, and if necessary, the hollow glass microspheres 

25 are subjected to classification treatment in view of par- 
ticle size properties of recovered powders. A method of 
classification treatment is not specially limited, but is 
preferably an air classifier or a sieve classifier. 
[0056] In the flotation separation step of the method 

30 for producing the hollow glass microspheres of the 
present invention, it is very effective for obtaining a light 
product having an average particle density of lower than 
1 .0 g/cm 3 and for improving production efficiency to dis- 
perse heat-foamed hollow glass microspheres in water 

35 and to separate and remove particles having a density 
of higher than 1 .0 g/cm 3 by centrifugal force. 
[0057] This is because broken microspheres of small- 
er particle size are hardly separatabte simply by mixing 
with water and allowing a mixture to settle. That is. bro- 

40 kBn pieces of usual hollow glass spheres are settled and 
separated by dispersing in water, but broken glass mi- 
crospheres of smaller particle size are hardry separaia- 
ble since water hardly enters into the inside of micro- 
spheres. 

45 |005B] Further, broken bad hollow microspheres can 
be more completely removed and lightening of a product 
becomes easier on the same reasons rf hoflow glass mi- 
crospheres produced are previously degassed under 
reduced pressure before dispersing in water or hollow 

50 glass microspheres are degassed under reduced pres- 
sure after dispersing in water, and then particles having 
a density of higher than 1.0 g/cm 3 are separated and 
removed by centrifugal force. 

[0059] According to the present invention, hollow 
55 glass microspheres of an aluminosilicate glass compo- 
sition containing no alkali metal or substantially no alkali 
metal and having an average particle size of at most 15 
jim, a maximum particle size of at most 30 urn and an 
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average particle density of from 0.1 to 1.5 g/cm 3 , thus 
having substantially uniform particle size, can ba ob- 
tained. This is due to a method of building up finely pul- 
verized aluminosilicate glass starting materials and a 
spraying method of a slurry. According to the method of 
the present invention, the size of liquid droplets be- 
comes easily uniform, and one liquid droplet forms one 
hollow glass microsphere, and each liquid droplet is 
burned to generate a combustion gas, thereby prevent* 
ing each particle from agglomerating. Also, the hollow 
glass microspheres comprise a glass composition con- 
taining no alkali metal or substantially no alkali metal, 
and therefore they provide a satisfactory adhesiveness 
with resin. 

EXAMPLES 

EXAMPLE 1 

[0060] 58.0 g of silicon dioxide, 57.6 g of aluminum 
sulfate, 1 4.4 g of boric acid, 6.3 g of magnesium carbon- 
ate, 6.5 g of calcium carbonate, 1 0.8 g of strontium car- 
bonate and 7.7 g of a dispersant (Homogenol L-1B20, 
manufactured by Kao Corporation, hereinafter the 
same) were mixed in 500 g of kerosine.andthe resultant 
mixture was wet-pulverized by a medium-stirring type 

{0061] The medium-stirring type mill used, had an in- 
ternal capacity of 1,400 cm 3 , and it was made of zircon ia 
as its material. Beads were made of zirconia and had 
an average diameter of 0.65 mm<>, and 1,120 cm 3 of 
such beads were put and used The wet-putverization 
was carried out at a stirring rotation number of 2,500 
rpm for 30 minutes. Glass starting material particles 
were recovered from the above obtained slurry of glass 
starting materials, and their average particle size was 
measured by a laser scattering type particle size meas- 
uring apparatus (MicrotrucK HRA model 9320-X100, 
manufactured by NIKKISO Co., LTD., hereinafter the 
same), and the measured average particle size was 1 .6 
jim based on volume. 

[00621 A kerosine slurry of glass starting materials 
thus obtained was made into droplets by a binary fluid 
nozzle, and the droplets were burned by flaming to ob- 
tain hollow glass microspheres. Air was used as a spray- 
ing gas used in the binary fluid nozzle, and its pressure 
was 0.4 MPa, and the droplets thus formed had a size 
of about 1 2 pm. A combustion air amount used during 
burning was 1.25 times amount of a theoretical air 
amount, and a combustion temperature was about 
1,550°C. 

(0063] The particles thus obtained were recovered by 
a bag fitter, and their shapes were observed by a scan- 
ning type electron microscope, and were proved to be 
sphere-like. The particle size of the recovered particles 
was measured by a laser scattering type particle size 
measuring apparatus, and was proved to have an aver- 
age particle size of 7.1 pm and a maximum particle size 



of about 17 pm. The maximum particle size measured 
by a scanning electron microscope was also about 1 6.5 
pm , and the two measured values wore substantially the 
same. 

s [0064] Also, a particle density measured by a dry type 
automatic densimeter (Acupic 1330, manufactured by 
Shimadzu Corporation, hereinafter the same) was 0.92 
g/cm 3 . A fracture strength at the time of 10% volume 
reduction was 75 MPa based on volume under hydro- 

'0 static pressure. The obtained particles were subjected 
to x-ray diffraction analysis, and were proved to be vit- 
reous hollow glass microspheres. Their glass composi- 
tion was analyzed by chemical analysis methodand ICP 
method, and was proved to have the following compo- 

is shion. 



20 



Si0 2 


60.5%, 


Al 2 0 3 


17.9%, 


BaOg 


6.7%, 


MgO 


3.2%, 


CaO 


3.8%, 


SrO 


7.9%. 



25 [0065] Thereafter, a resin composition was prepared 
by blending 30 mass parts of a filler comprising the 
above obtained hollow glass microspheres with a mix- 
ture having 85 mass parts of tetrahydrophthalic anhy- 
dride and 1 mass part of an tmidazol type curing agent 

30 dissolved in 100 mass parts of epoxy resin (Epikote 1 52, 
manufactured by Yuka-Shell Company, epoxy equiva- 
lents, hereinafter the same). The resin composition 
thus prepared was formed into an epoxy resin cured ma- 
terial by casting method to obtain a sheet-like test piece 

as of 20 cm square having a thickness of 3 mm by cutting. 
[0Q66J An electroconductive paste was coated on 
both sides of the above obtained sheet, and its dielectric 
constant and dielectric dissipation factor were meas- 
ured in accordance with Japan Industrial Standard (JIS 

40 K6911 , hereinafter the same), and were proved to have 
a dielectric constant of 2.80 and a dielectric dissipation 
factorofO.011 underl MHz frequency. Further, its insu- 
lation resistance was measured in accordance with Ja- 
pan Industrial Standard (JIS K6911, hereinafter the 

4$ same), and was 9.3xl0 ,4 n Also, the same physical 
properties were measured with regard to the epoxy resin 
alone without containing hollow glass microspheres in 
the same manner as above, and were proved to have a 
dielectric constant of 3.23. a dielectric dissipation factor 

50 of 0.01 4 and an insulating resistance of 1.8x10 14 n. 

EXAMPLE 2 

{0067] Glass starting materials were prepared by mix- 
55 ing 118.1 g of silicon dioxide, 121.0 g of Ca-substituted 
4A zeolite <Ca0Al 2 O 3 -2SiO 2 -4.5H 2 O), 30.1 g of boric 
acid, 13.2 g of magnesium carbonate, 18.7 g of stron- 
tium carbonate, 16.9 g of barium carbonate and 11 .6 g 
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of a dispersant, and were wet-pulverized by a ball mill 
to obtain a slurry of the glass starting materials. 
[0088] The ball mill used had an internal capacity of 
5,000 cm*, and 2,500 cm 3 of alumina-made balis of 
10-15 mm $ were placed therein. The above obtained 
glass starting materials and 1 ,500 g of kerosine were 
placed in the ball mill, and were wet-pulverized at 100 
rpm for 20 hours to obtain a slurry of the glass starting 
materials. Glass starting material particles were recov- 
ered from the slurry of the glass starting materials thus 
obtained, and their average particle size was measured 
by a laser scattering type particle size measuring appa- 
ratus and was measured to be 2.0 jim based on volume. 
[0069] The above obtained kerosine slurry of the 
glass starting materials was made into liquid droplets by 
a binary fluid nozzle, and the droplets were burned by 
flaming to obtain vitreous hollow glass microspheres. Air 
was used as a spraying gas used in the binary fluid noz- 
zle, and its pressure was 0.35 MPa, and the droplets 
formed thereby had a size of about 1 4 urn. A combustion 
air amount at the time of burning was 1.4 times amount 
of a theoretical air amount, and a combustion tempera- 
ture was about t.400°C. 

[0070] The partictes thus obtained were recovered by 
a bag filter, and were made into a slurry by mixing with 
water, and particles having a true density of less than 
1.0 g/cm 3 floated on water surface were recovered by a 
centrifugal separation apparatus, and the particles float- 
ed on the water surface were classified by a wet type 
vibrating sieve (manufactured by Dulton Company, 
hereinafter the same) having a polyester-made net of 
25 fim to recover a product classified through the sieve. 
The product thus recovered was subjected to a filter un- 
der reduced pressure to separate a solid material, and 
was then dried at 120°C to obtain a powder separated 
through the sieve. All of the particles of the powder thus 
obtained were proved to have a sphere-like shape by 
observing with a scanning type electron microscope. 
[0071] A particle size of the powder was measured by 
a laser scattering type particle size measuring appara- 
tus, and was proved to have an average particle size of 
9.8 jim. Its maximum particle size was about 24 ^m ac- 
cording to observation by a scanning electron micro- 
scope. Also, a particle density measured by a dry type 
automatic densimeter was 0.58 g/cm 3 . A fracture 
strength at the time of 1 0% volume reduction was 55 
MPa based on volume under hydrostatic pressure. The 
obtained particles were subjected to x-ray diffraction 
analysis, and were proved to be vitreous hollow glass 
microspheres. Its glass composition was analyzed by 
chemical analysis method and ICP method, and was 
proved to have the following composition. 



SiO ? 60.7%. 
AI2O3 13.1%, 
6.4%, 

MgO 2.4%, 



(continued) 





CaO 


7.2%. 




SrO 


5.1%. 


5 


BaO 


5.1%. 



|0072] Thereafter, a resin composition was prepared 
by blending 1 9 mass parts of a filler comprising the 
above obtained hollow glass microspheres with a mix- 

,0 ture having 85 mass parts of tetrahydrophthalic anhy- 
dride and 1 mass part of an imidazol type curing agent 
• dissolved in 100 mass parts of epoxy resin (Epikote 
152). The resin composition thus prepared was formed 
into an epoxy resin cured material by casting method to 

rs obtain a sheet-like test piece of 20 cm square having a 
thickness of 3 mm by cutting. 

[0073] An elactroconductive paste Y/as coated on 
both sides of the above obtained sheet, and its dielectric 
constant and dielectric dissipation factor were meas- 

20 ured in accordance with Japan Industrial Standard, and 
were proved to havB a dielectric constant of 2.65 and a 
dielectric dissipation factor of 0.011 under 1 MHz fre- 
quency. Further, its insulation resistance was measured 
in accordance with Japan Industrial Standard, and was 

25 8.5x1 0 14 n. Also, the physical properties were meas- 
ured with regard to the epoxy resin alone without con- 
taining r»Gi!vV» glass fTiicro spheres >r» the same rnsnnsr 
as above, and were proved to have a dielectric constant 
of 3.23, a dielectric dissipation factor of 0.014 and an 

30 insulating resistance of 1 .9x1 0 14 n. 

EXAMPLE 3 

[00741 A slurry of glass starting materials was ob- 
35 tained by mixing 1 39.6 g of a glass cuflel (composition: 
SKD 2 59.5%, AfeOa 17.6%. BjA, 8 - 3 ^ MgO 3.1%, CaO 
3.7% and SrO 7.8%) having an average particle size of 
about 10 u.m obtained by previously dissolving starting 
materials and finely pulverizing. 14.0 g of magnesium 
40 sulfate and 7.7 g of a dispersant in 500 g of kerosine 
and wet-pulverizing the resultant mixture by a medium- 
stirring type mill. 

[0075] The medium-stirring type mill used had an in- 
ternal capacity of 1 ,400 cm 3 , and H was made of zircon ia 

45 as its material. Beads were made of zirconia and had 
an average diameter of 0.65<|>, and 1,120 cm 3 of such 
beads were put and used. The operation condition was 
such that the rotational speed was 2,500 rpm, and the 
wet pulverization was carried out for 60 minutes. From 

50 the obtained slurry of glass starting materials, glass 
starting material particles were recovered, andthetr par- 
ticle size was measured by a laser scattering type par- 
ticle size measuring apparatus and was proved to have 
an average particle size of 1 .5 jim based on volume. 

55 [0076] The above obtained kerosine slurry of the 
glass starting materials was made into liquid droplets by 
a binary fluid nozzle, and the droplets were burned by 
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flaming to obtain vitreous hollow glass microspheres. Air 
was used as a spraying gas u$ed in the binary fluid noz- 
zle, and its pressure was 0.4 MPa, and the droplets 
formed thereby had a size of about 1 3 urn. A combustion 
air amount at the time of burning was 1 .7 times amount 
of a theoretical air amount, and a combustion tempera- 
ture was about 1 ,250 s C. 

[0077] The particles thus obtained were recovered by 
a bag filter, and their shape was observed by a scanning 
type electron microscope, and all of the particles were 
proved to be sphere-like. A particle size of the powder 
recovered was measured by a laser scattering type par- 
tic! a size measuring apparatus, and was proved to have 
an average particle size of 7.2 jim and a maximum par- 
trcfa size of about 16\5 u.m. According to observation by 
a scanning electron microscope, a maximum particle 
size was about 19 u.m. Thus, the two measured values 
were substantially the same each other. 
[0078] Also, their particle density measured by a dry 
type automatic densimeter was 1.36 g/cm 3 . A fracture 
strength at the time of 10% volume reduction was 85 
MPa based on volume under hydrostatic pressure, and 
the obtained particleswere subjected to x-ray diffraction 
analysis, and were proved to be vitreous hollow glass 
microspheres. The glass composition of the hollow 
glass microspheres was analyzed by chemical analysis 
method and IGP method, and was proved to have the 
following composition. 



Si0 2 


59.5%, 


Al 2 0 3 


17.6%, 


B 2 O s 


6.6%, 


MgO 


4.8%, 


CaO 


3.7%, 


SrO 


7.8%. 



(0079] Thereafter, a resin composition was obtained 
by blending 40 mass parts of a liUer comprising the 
above obtained hollow glass microspheres with a mix- 
ture having 85 mass parts of tetrahydrophthallc anhy- 
dride and 1 mass part of an imidazol type curing agent 
dissolved in 100 mass parts of epoxy resin (Epikote 
152). The resin composition thus obtained was formed 
into an epoxy resin cured material by casting method to 
obtain a sheet-like test piece of 20 cm square having a 
thickness of 3 mm by cutting. 
[0080] An electroconductive paste was coated on 
both sides of the above obtained sheet, and its dielectric 
constant and dielectric dissipation factor were meas- 
ured in accordance with Japan Industrial Standard, and 
were proved to have a dielectric constant of 2.95 and a 
dielectric dissipation factor of 0.012 under 1 MHz fre- 
quency. Further, its insulation resistance was measured 
in accordance with Japan Industrial Standard, and was 
9x10 ,4 X1. Also, the physical properties were measured 
with regard to the epoxy resin alone without blending 
hollow glass microspheres in the same manner as 



above, and were proved to have a dielectric constant of 
3.23, a dielectric dissipation factor of 0.014 and an in- 
sulating resistance of 1.8x1 0 1 *n. 

5 EXAMPLE 4 (COMPARATIVE EXAMPLE) 

IQ0B1J A slurry of glass starting materials was ob- 
tained by mixing 65.0 g of silicon dioxide, 22.5 g of cal- 
cium carbonate, 18.2 g of boric acid, 5.0 g of dibasic 

to calcium phosphate, 2.0 g of lithium carbonate, 6.7 g of 
sodiu m sulfate , 1 4.2 g of borax and 7. 7 g of a dispersant, 
and wet-purverizing the resultant mixture by a ball mill. 
|O0B2J The ball mill used had an internal capacity of 
5,000 cm 3 , and 2,500 cm 3 of alumina-made balls of 

is 10-1 5 mm <{> were placed therein. Further, the above ob- 
tained glass starting materials and 1,500 g of kerosine 
were placed therein, and the resultant mixture was wet- 
pulverized at 100 rpm for 20 hours to obtain a slurry of 
the glass starting materials. Glass starting material par- 

20 tides were recovered from the slurry of the glass starting 
materials thus obtained, and their average particle size 
was measured by a laser scattering type particle size 
measuring apparatus and was proved to have an aver- 
age particle size of 1.4 urn based on volume. 

25 [O0B3J The above obtained kerosine slurry of the 
glass starting materials was made into liquid droplets by 
a binary ft'*d nozzle., and the droplets were burned by 
f lamingto obtain vitreous hollow glass microspheres. Air 
was used as a spraying gas used in the binary fluid noz- 

30 zle, and its pressure was 0.4 MPa, and the droplets 
formed thereby had a size of about 1 0 j±m. A combustion 
air amount at the time of burning was 1.4 times amount 
of a theoretical air amount, and a combustion tempera- 
ture was about 1 ,400° C. 

55 [0084] The particles thus obtained were recovered by 
a bag filter, and was lormed into a slurry by mixing with 
water, and particles having a true density of less than 
1 .0 g/cm 3 floated on water surface were recovered by a 
centrifugal separation apparatus, and the particles float- 

40 ed on the water surface were classified by a wet type 
vibrating sieve having a polyester-made net of 25 um. 
and the product passed through the sieve was recov- 
ered. The product was then subjected to a filter under 
reduced pressure to separate a solid material, which 

*s was then dried at 120°C to obtain a powder passed 
Ihroug h the s ieve. The powder passed through the sieve 
was observed by a scanning type electron microscope, 
and was proved to have a sphere-like shape. 
10085] A particle size of the powder was measured by 

50 a laser scattering type particle size measuring appara- 
tus, and was proved to have an average particle size of 
9.5 u.m. Its maximum particle size was about 25 pm ac- 
cording to observation by a scanning electron micro- 
scope. 

55 [0086 J Also, a particle density measured by a dry type 
automatic densimeter was 0.49 g/cm 3 . A fracture 
strength at the time of 10% volume reduction was 30 
MPa based on volume under hydrostatic pressure. Ac- 
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cording to x-ray diffraction analysis, the obtained parti- 
cles were confirmed to ba vitreous hollow glass micro- 
spheres. The hollow glass microspheres were further 
analyzed in accordance with chemical analysis method, 
ICP method and atomic spectrum method, and ware 
proved to have the following composition. 



Si0 2 


71.7%, 


B 2 0 3 


10.4%, 


CaO 


10.6%, 


Na 2 0 


4.2%, 


up 


0.7%. 


p 2 o 5 


2.4%. 



P087] Thereafter, a resin composition was obtained 
by blending 19 mass parts of a fitter comprising the 
above obtained hollow glass microspheres with a mix- 
ture of 85 mass parts of tetrahydrophthalic anhydride 
and 1 mass part of an imidazol typa curing agent dis- 
solved in 100 mass parts of epoxy resin (Epikote 1 52). 
The resin composition thus obtained was formed into an 
epoxy resin cured material by casting method, which 
was then cut into a sheet-like test piece of 20 cm square 
having a thickness of 3 mm. 

[0OB8] An electroconductive paste was coated on 
both sides of the above obtained sheet, and its dielectric 
constant and dielectric dissipation factor were meas- 
ured in accordance with Japan Industrial Standard, and 
were proved to have a dielectric constant of 2.92 and a 
dielectric dissipation factor of 0.011 under 1 MHz fre- 
quency. Further, its insulation resistance was measured 
in accordance with Japan Industrial Standard, and was 
8xl0 1 ?a. Thus, the insulating resistance was remark- 
ably lowered. Also, physical properties were measured 
with regard to the epoxy resin alone without blending 
hollow glass microspheres in the same manner as 
above, and were measured to have a dielectric constant 
of 3.23, a dielectric dissipation factor of 0.01 4 and an 
insulating resistance of 1 8X10 14 X1 

EXAMPLES 

[0089] A slurry of glass starting materials was ob- 
tained by mixing 139.6 g of a glass cull et (composition: 
Si0 2 59.5%, AljPa 17.6%. B20 3 8.3%. MgO 3.1%. CaO 
3.7% and SrO 7.8%) having an average particle size of 
about 10 >un obtained by previously dissolving starting 
materials and finely pulverizing, 14.0 g of magnesium 
sulfate and 7.7 g of a dispersant (Homogenol L-1820) 
in 500 g of kerosine and wet-pulverizing Ihe resultant 
mixture by a medium-stirring type mill. 
(0090] The medium -stirring type mill and the beads 
used were the same as those used in Example 1 . The 
operation conditionswere such that the rotational speed 
was 2.500 rpm. and the wet-pulverization was carried 
out for 60 minutes. Glass starting material particles were 
recovered from the above obtained slurry of glass start- 



ing materials, and their average particle size was meas- 
ured by a laser scattering type particle size measuring 
apparatus and was measured to be 1 .5 u.m. 
[0091] The above obtained kerosine slurry of the 

5 glass starting materials was made into liquid droplets by 
a binary fluid nozzle, and the droplets were burned by 
flaming to obtain vitreous ho How glass microspheres. Air 
was used as a spraying gas used in the binary fluid noz- 
zle, and its pressure was 0.4 MPa, and the droplets 

to formed thereby had a size of about 13 jim. A combustion 
air amount at the time of burning was 1 .7 times amount 
of a theoretical air amount, and a combustion tempera- 
ture was about 1 ,250° C. 

[0092] The hollow glass microspheres thus obtained 

15 ware recovered by a bag filter, and were made into a 
slurry by mixing with water, and the slurry were centrif- 
ugalry separated to recover particles floating on water 
surface only as a slurry. The slurry thus obtained was 
then classified by a wet type vfcrating sieve having a 

20 stai nless stee l-made net of 42 >im. and a s!u rry passed 
through the sieve was recovered. The slurry thus ob- 
tained was subjected to solid-liquid separation, and its 
filtration cake was formed into a slurry with desalted wa- 
ter at 50°C in an amount of 30 times amount of the solid 

25 content, and the resultant slurry was subjected to solid- 
liquid separation again. This operation was repeated 
nn« mor« rim and a cake obtained was dried by allow- 
ing to stand at 1 20°C to obtain a product floating on wa- 
ter surface. All of the particles of the product floating on 

30 the water surface were proved to have a sphere-like 
shape by observing with a scanning type electron mi- 
croscope. 

[0093] A particle size of the product floating on the wa- 
ter surface was measured by a laser scattering type par- 
as tide size measuring apparatus, and was proved to have 
an average particle size of 8.5 jim and a maximum par- 
ticle size of about 20 pm. A maximum particle size ob- 
served by a scanning type electron microscope was 
about 20 urn. Thus, the two measured values we re sub- 
40 stantially the same each other. A particle density m eas- 
ured by a dry type automatic densimeter was 0.52 g/ 
cm 3 . The microspheres thus obtained were confirmed 
to be vitreous by X-ray diffraction analysis. Further, an 
eluted amount of boron of the above obtained hollow 
45 glass microspheres was measured and was proved to 
be 30 ppm of a sample mass amo unt. On the other hand , 
the hollow glass microspheres recovered immediately 
after a bag fitter were measured with regard to an eluted 
amount of boron in the same manner as above, and the 
so eluted amount of boron thus measured was 6S0 ppm of 
a sample mass amount. 

[0094) A reason why the eluted amount of boron was 
30 ppm in this Example, is considered to be due to pro- 
cedures of slurrying, centrifugal separation and solid- 
55 liquid separation treatment. Particularly, this is largely 
due to an effect of washing treatment of cake at the time 
of the solid-liquid separation. 
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EXAMPLE 6 (COMPARATIVE EXAMPLE) 

[009$] An eluted amount of boron was measured with 
regardto tradename HSC-1 1 0 (hollowglass beads com- 
prising aluminosilicate containing 7.9% of B^O^) manu- 
factured by Toshiba Barotini K.K. in the same manner 
as in Example 5, and the eluted amount of boron thus 
measured was 718 ppm of a sample mass amount. The 
HSC-1 1 0 used had an average particle size of 11 .4 um 
as measured by a laser scattering type particle size 
measuring apparatus and had a true density of 1 .1 4 g/ 
cm 3 as measured by a dry type automatic densimeter. 
[0096] The hollow glass microspheres of the present 
invention have a small particle size and a low density, 
and when they are usad as a filler for a composite ma- 
terial, they are quite satisfactorily used particularly for 
use of requiring a smooth surface, use of requiring a low 
dielectric constant, and use of requiring a composite 
material having a restricted thickness, and can provide 
a satisfactory lightening effect, a heat insulating effect 
and an effect of lowering dielectric constant depending 
on an aimed use. 

[0097] Also, since they comprise an aluminosilicate 
glass composition containing no alkali metal or substan- 
tially no alkali metal, they provide a high heat resistance, 
an excellent chemical durability without e luting a sub- 
stantias amount of boron, and s satisfactory adhesive- 
ness with resin. 

[0098] Thus, they are excellent particularly as a resin 
filler for SMC of an outer decorating plate of an automo- 
bile and also as a filler for a resist material or an insu- 
lating layer material employed between layers of a mul- 
tilayer substrate. Further, they can be quite satisfactorily 
used for various fields and uses, as a lightening filler for 
cement, mortal, synthetic wood, a low melting metal or 
alloy of aluminum or magnesium, and a paint, a heat 
insulating lightening filler for building materials or latex, 
a filler for sensitizing an explosive compound, a filler for 
an electric insulating layer, a sound-proofing filler, a cos- 
metics filler, a filter material, a blast media, a spacer and 
the like. 

[0099] Also, according to the process of the present 
invention, hollow glass microspheres can be efficiently 
and industrially produced as compared with a produc- 
tion method using conventional starting materials. 
[0100] The entire disclosures of Japanese Patent Ap- 
plication No. 2000-163352 filed on May 31, 2000 and 
Japanese Patent Application No. 2000-208295 filed on 
July 1 0, 2000 including specifications, claims and sum- 
maries are incorporated herein by reference in their en- 
tireties. 



Claims 

1. A hollow glass microsphere having an average par- 
ticle size of at most 15 pm based on volume, a max- 
imum particle size of at most 30 urn and an average 



particle density of from 0.1 to 1 .5 g/cm 3 , which has 
a glass composition consisting essentially of the Id- 
lowing components by ma$s%: 



Si0 2 


50.0-90.0%, 


Al 2 0 3 


10.0-50.0%, 


BP 3 


0-12.0%, 


Na 2 OK 2 CH-Li 2 0 


0-1 .0%, 


CaO 


0-10.0%, 


MgO 


0-10.0%, 


BaO+SrO 


0-30.0%. 



2. The hollow glass microsphere according to Claim 
i5 1 , wherein a boron concentration in the glass com- 
position is at least 3 mass% as B 2 0 3 and an eluted 
amount of boron measured by the following method 
is at most 300 ppm of a sample mass amount: 
Method for measuring an eluted amount of boron: 

20 200 cm 3 of ethanol and 200 cm 3 of distilled water 
are added to 1 2.5 g of a sample, and the resultant 
mixture was stined at 80'C for 1 hour, and a solid 
content is filtrated, and a boron amount dissolved 
in aliftrate is determined, and the eluted amount is 

25 expressed by a proportion to a sample mass 
amount. 

3. A method for producing a' hollow glass microsphere, 
which comprises adding a combustible liquid to 

so glass starting materials containing a foaming com- 
ponent, preparing a slu rry of glass starting materials 
having an average particle size of at most 3.0 u.m 
by wet-pulverizing, converting the slurry into liquid 
droplets containing the starting materials, and heat- 
as ing the liquid droplets to prepare hollow glass mi- 
crospheres having an average particle size of at 
most 15 jim based on volume, a maximum particle 
size of at most 30 jim and an average particle den- 
sity of from 0.1 to 1.5 g/cm 3 and consisting essen- 
40 tially of the following glass composition: 



SiO z 


50.0-90.0%, 


Al 2 0 3 


10.0-50.0%. 


B2O3 


0-12.0%, 


Na 2 OfK 2 0+Li 2 0 


0-1.0%, 


CaO 


0-10.0%, 


MgO 


0-10.0%, 


BaO+SrO 


0-30.0%. 



50 

4. The method for producing a hollow glass micro- 
sphere according to Claim 3. wherein a material 
generating water vapor, carbonic acid gas, sulfur 
oxide gas or nitrogen oxide gas by heating is added 

55 to the glass starting materials. 

5. The method for producing a hollow glass micro- 
sphere according to Claim 3 or 4, wherein the com- 
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bustible liquid is at least one member selected from 
the group consisting of alcohols selected from 
methanol, ethanol and isopropyl alcohol, ethers, 
kerosine, gas oil and heavy oil. 

6. The method for producing a hollow glass micro- 
sphere according to any one of Claims 3 to 5, 
wherein a concentration of the glass starting mate- 
rials in the slurry is from 5 to 50 wt%. 

7. The method for producing a hollow glass micro- 
sphere according to any one of Claims 3 to 6, 
wherein the recovered holiow glass microspheres 
are subjected to flotation-separating treatment with 
water or alcohol. 

8. The method for producing a hollow glass micro* 
sphere according to any one of Claims 3 to 7, 
wherein the recovered hollow glass microspheres 
are classified by a classifying treatment. 

9. The method for producing a hollow glass micro- 
sphere according to any one of Claims 3 to 8, 
wherein a water slurry of recovered powder or the 
slurry recovered by flotation-separating method is 
subjected to centrifugal filtration, filtration under re* 
duccd pressure, cr pressure filtration to separate 
solid and liquid, and washing is carried out by con- 
tinuously supplying a washing water to a filter cake 
to remove salts. 

10. The method for producing a hoBow glass micro- 
sphere according to any one of Claims 3 to 9, 
wherein a filtration cake obtained by the solid-liquid 
separation is diluted with water again to prepare a 35 
slurry, and the slurry is fully stirred and subjected to 
filtration treatment repeatedly from one to several 
times to remove residual salts and impurities. 
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